INTRODUCTION
Climate change has the potential to affect marine mammals in a wide variety of ways (Learmonth et al. 2006) . However, investigating whether potential effects are actually happening is often limited by a lack of sufficient data to undertake the detailed analyses required to identify them. In this study, information from other, better studied, marine predators with similar dietary preferences (seabirds) is used as a framework to place the effects of variation in the diet of a marine mammal species, the harbour porpoise (Phocoena phocoena), in the context of a potential impact of climate change. Specifically, this study investigated whether changes in the availability of their main prey in spring, sandeels (Ammodytes spp.), that have been linked to changes in climate through detailed long-term studies on seabirds, could also have an effect on porpoises.
At around 1.5 m length and 50 kg weight, the harbour porpoise is the smallest cetacean in Europe. Its small size limits the amount of stored energy it can carry, and it can only survive very short periods (as little as 3 days) without feeding (Kastelein et al. 1997) . Therefore, a relatively continuous availability of the right prey is important. Any changes in prey availability may affect energy stores, and ultimately survival. While porpoises will consume a wide variety of prey species, a few key species dominate the diet at specific times of the year in Scottish waters (Santos et al. 2004) . In particular, in spring, sandeels are among the most important prey items for porpoises in the Scottish North Sea (Santos et al. 2004) .
Spring is a critical time for porpoises in terms of energy requirements. Some of the coldest water temperatures in the Scottish North Sea occur in March, placing the greatest thermodynamic stress on porpoises and requiring the thickest blubber layer to limit heat loss. Since the blubber layer is also the site of energy storage, any reduction in the size of energy stores due to poor feeding will increase thermodynamic stress by reducing the level of insulation provided by the blubber and increasing the risk of lethal cooling. This, in turn, will increase the energy required to maintain a stable internal body temperature (Watts et al. 1993 ) and, therefore, will increase the amount of energy used each day. In addition, young animals are weaned and become independent in spring. As inexperienced foragers they may be less able to cope with changes in prey availability.
In addition to being important for porpoises, sandeels are a critical component of the North Sea ecosystem as a whole (Greenstreet 1996) . The availability of sandeels plays an important role in the demography of many seabirds. For example, the black-legged kittiwake (Rissa tridactyla) requires sufficient availability of sandeels both to get into breeding condition and, later, to feed to the chicks (Frederiksen et al. 2004) . Kittiwake populations, and those of other seabirds in the North Sea, have been monitored for long periods of time and the effects of changes in sandeel availability upon them have been studied in more detail (e.g. Frederiksen et al. 2004; Wanless et al. 2004 Wanless et al. , 2005 Scott et al. 2006) . This study examined whether there is any link between sandeel consumption and the likelihood of starvation in porpoises. Information from studies of kittiwakes and other seabirds was then used to place the link between sandeel consumption and mortality of porpoises in a wider ecological context with particular reference to the effects of climate change on sandeels.
MATERIAL AND METHODS
Stomach contents were collected from stranded porpoises from the coasts of eastern Scotland, Orkney, Shetland and the Pentland Firth (collectively the Scottish North Sea coasts) as part of a dedicated strandings reporting scheme that also investigated the cause of death and other biological parameters. Full details of the methods used to analyse stomach contents, identify prey remains and estimate prey size, and results on overall diet composition, can be found in Santos et al. (2004) . The numerical proportion of sandeels in the diet in spring from 1993 to 2001 was calculated by combining data from all stomach contents for each month and this was used as a baseline for the contribution of sandeels to porpoise diet in spring. Data from spring 2002 and 2003 were then compared to this baseline using the average number of prey remains per stomach, the proportion of individuals that contained sandeels and the numerical proportion of sandeels in the diet. In addition, sandeels were divided into two size classes (smaller than 10 cm representing fish aged 1 year or less and larger than 10 cm representing multi-year fish) and the relative importance of each size class was compared between the two time periods. Finally, the proportions of porpoises where a cause of death was determined as starvation in the baseline period and in spring 2002 and 2003 were compared to differences in diet. Causes of death were determined during veterinary post-mortem examinations at the Scottish Agricultural College (SAC), conducted as part of the UK Cetacean Strandings Project. 100% 1993-2001 2002-2003 1993-2001 2002-2003 1993-20012002-2003 Mar Apr May .52, pZ0.0001). These starving animals were primarily young, post-weaning individuals and were of similar body sizes to the animals whose stomach contents were analysed.
RESULTS

DISCUSSION
This study found that harbour porpoises in the Scottish North Sea consumed a significantly smaller proportion and different sizes of sandeels in spring 2002 and 2003 in comparison with the baseline period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) . Although based on a relatively small sample size, the differences are sufficiently marked to be noteworthy. The concurrent increase in the proportion of porpoises starving and the lack of sandeels in the diet suggest that there is a link between the two. There are at least three possible reasons why such a link could exist: (i) alternative prey types (such as whiting Merlangius merlangus or haddock Melanogrammus aeglefinus) have a lower energy content than sandeels, (ii) there are higher energetic costs associated with locating and catching alternative prey, and (iii) sandeels were not replaced by another species and the total number of prey consumed was reduced, increasing the reliance on stored energy in the blubber. This would reduce the insulative properties of the blubber and increase the risk of starvation-induced hypothermia. This raises the question of why a lower proportion of sandeels was consumed in spring [2002] [2003] . It has been well documented that some population parameters of seabirds that feed on sandeels are linked to sandeel availability. As a result, changes in oceanographic conditions resulting from climate change have been hypothesized to affect seabirds through their negative effects on sandeel availability, body size and energy content. This leads to a reduction in the proportion of sandeels in the diet, with less energy being obtained from each individual sandeel, which reduces breeding success and adult survival (Frederiksen et al. 2004; Wanless et al. 2004 Wanless et al. , 2005 Scott et al. 2006) . With reference to the time periods used in this study, both the spawning stock biomass and sandeel recruitment in the North A lower availability of sandeels in spring in recent years, owing to the effects of climate-driven changes (Frederiksen et al. 2004) , is consistent with the findings of this study. Therefore, climatechange driven changes in the availability of sandeels identified through longer-term studies on seabirds provides a framework into which the changes suggested by the shorter time-series of data from porpoises can be placed to help explain the observed differences. If, as predicted by climate models (Clark et al. 2003) , the trends to warmer water temperatures and increased variation in the timing of the spring phytoplankton bloom continue, the availability of sandeels in spring is likely to be further reduced. This will increase the likelihood of starvation in porpoises and have implications for their conservation.
